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Abstract 
A case study was conducted to evaluate the performance of a manufacturing plant using discrete 
event simulation technique. The study was carried out on an animal feed production plant, Sterifeed 
Plant at Malaysian Institute for Nuclear Technology Research (MINT), Selangor, Malaysia. The 
plant was modelled base on the actual manufacturing activities recorded by the operators. The 
simulation was carried out using a discrete event simulation software. The model was validated by 
comparing the simulation results with the actual operational data of the plant. The simulation results 
show some weaknesses with the current plant design and proposals were made to improve the plant 
performance. 
Keywords: Manufacturing simulation, plant performance evaluation. 
INTRODUCTION 
Simulation may be defined as the activity of designing and building a model of a system and carrying 
out experiments on it. A model is a logical description of how a system performs. Model can be used 
to describe how a real-world activity will perform. It enables the test and analysis on the system 
without having to actually build it. Thus, it will reduce the testing and building cost as well as saving 
time. The model can be a physical model, mathematical model or computer model '7|. 
The most contemporary technology in modelling and simulation is by using computer 
simulation. Its advantages are obvious as no physical model is required. It will avoid the hassle of 
designing and building the physical set up of the model. The testing, refining and analysis may be 
done continuously without having to stop for physical model modification and alteration. There are 
many simulation software packages available in the market that suit various situations, conditions 
and systems. Simulation softwares such as ProModel, SimProcess, Extend, Taylor IV, Mesquite and 
MicroSaint are some of the examples that may be used for variety of applications <". Among the 
common applications are manufacturing process, service operation, business operation, healthcare, 
defence system and aerospace system. 
The successful application of simulations on manufacturing operation has been reported by 
many commercial organisations. At AST Research Inc. a personal computer manufacturer in Fort 
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Worth, Texas, simulation software was used as a tool for optimising its assembly lines. The assembly 
line system was modelled and a few changes in the designs were tried. The implementation of the 
changes on the actual plant based on the simulation results has reduced inventory blockage by 25%, 
increased operator efficiency by 20% and increased overall plant output to 15% '". Modelling and 
simulation was extensively utilised at Cymer, a leading producer of excimer-laser illumination for 
deep-ultraviolet photolithography system in San Diego, California. The model helped Cymer in 
detecting problem in their expansion plans. The simulation showed that several of the expansion 
alternatives would result in shifting of bottleneck between a few critical stations and the 
accumulation of WIP. Fortunately, from the simulation, it was found that the root of the problem was 
the 12-hour pre-test time at the optic stabilisation process. The building of multiple fixture system 
for this process had finally solved the problem '*'. Another example is the WIP reduction effort at 
TOFAS-Fiat, a manufacturing workshop for car components. Simulation was used as a tool to 
manipulate the manufacturing system according to different production strategies. The effect of 
changes in the system variables on the WIP were explored in order to come up with the most optimal 
strategy. As a result of the modelling effort, there was 48% reduction on average WIP in the workshop 
and 14% decrease in the cost of raw material[161. 
OBJECTIVE AND SIGNIFICANCE OF THE STUDY 
The objective of this study is to investigate the performance of a manufacturing plant through simulation. 
The simulation process facilitates further understanding of the plant system, which is useful for the 
plant's future development. Various aspect of the plant operational system may be investigated by 
simulation without having to amend any physical part of the plant. Any problems or weaknesses with 
the system can be identified and simulation of the alternative solutions can be modeled to analyse its 
effectiveness. 
TYPE OF SIMULATIONS 
Continuous Simulation 
Physical process is usually defined by various complicated and complex equations such as 
Bernoulli's equation, chemical reactions, Newton's Laws, Euler's equation etc. Continuous simulation 
may simplify the solution of these complicated equations. 
Continuous simulation adopts the iterative calculation techniques that simplify the solutions. It 
starts with an initial condition and then calculates the result for a very near future event. The time span 
of the calculation is short enough that approximation technique can be used to handle the complicated 
aspects of the equations. The result from the first calculation is then used as the initial condition for the 
next calculation. The same process will be done for the subsequent calculations, until it covers the 
whole period under study. 
Therefore, a complete solution may be obtained after repeating the above process for thousands 
or millions of times. One common setback of continuous simulation is that any error made may be 
propagated from one calculation to the other and finally it will lump into the final result. Thus, the result 
obtained will be misleading and meaningless |4,7'. 
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Nevertheless, this type of modeling, which requires rigorous and continuous calculation is 
suitable to be used on computer. The computing technology available today may be able to execute 
the iterative calculation faster, more accurate and free from typical human errors. 
Discrete Event Simulation 
Instead of building a model continuously based on certain rules that changes with time, the 
system may be modelled base on various events that affect the system. The state of the model changes 
only when those events occur. The passing of time has no direct effect on the solution. For example, 
in a factory, a discrete event simulation describes the assembly process base on events such as receipts 
or orders. In addition, it describes processes in statistical terms instead of equation forms. Thus, instead 
of saying a job will takes two minutes, a discrete event simulation may describe that a job takes two 
minutes on average with a standard deviation of 0.01 minutes "2|. 
Discrete event simulation allows the generation of statistic about the system in more detail 
compared to continuous simulation. In continuous simulation, only general statistic such as amount, 
efficiency and elapsed time of the whole system may be obtained. Whereas, in discrete event simulation, 
in addition to the above general statistics, each item can be individually tracked such as its occurrence, utilisation 
and cycle time m . 
METHODOLOGY 
The Plant 
The study was conducted on Sterifeed Plant, an animal feed production plant at Malaysian 
Institute for Nuclear Technology Research (MINT), Selangor, Malaysia. By adopting the sterilisation 
and fermentation technology, the Empty Fruit Bunch (EFB) is converted into pallet form of ruminant 
feed which have nutritional value and digestibility comparable to Oil Palm Frond (OPF) silage diet. 
The sterilisation process is for the elimination of any toxic content in EFB, whereas the fermentation 
with pleurotus sajor-caju (a mushroom species) is to reduce fibre content and increase protein content 
in EFB. The name'Sterifeed' comes from the phrase 'sterilised feed' indicating the technology being 
used for the productm. 
Plant Investigation 
In order to understand the current state of the plant an investigation was carried out. The plant was 
examined and Sterifeed plant's researchers were consulted during the investigation. The investigation was 
mainly to find out the design and specification of the plant. The information on the current design and 
specification of the plant were obtained and gathered from Sterifeed plant's researchers. Site examination 
and observation were also carried out to verify the information. Among the information gathered are: 
a) Process flow of the plant, which was obtained from literature m published by the Sterifeed 
plant researchers. 
b) Plant layout, which includes layout arrangement and the flow pattern. This information was 
obtained from the drawings of the plant and also by personal observation on the actual plant. 
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c) Plant capacity, which includes list of machines, equipment and their capacity, number of 
workers and mode of operation. The information was obtained from published report|31 and 
from the plant's operation log book. 
d) Material handling system, which includes the system used, the technology and the equipment. 
The information was obtained through discussion with the Sterifeed plant's researchers and 
also from personal observation on the plant. 
e) Control and supervision system, which includes the system used and personnel management. 
The information was obtained through discussion with the Sterifeed plant's researchers. 
The knowledge on the above elements is useful to understand the purpose and objectives of the 
plant, the development it has gone through and also the characteristics of the plant which are significant 
in the performance evaluation process of the plant. 
Modelling Software 
A discrete-event modelling software namely Extend, was used to carry out the simulation. This 
software has the same capability of any typical discrete-event modelling software with the addition 
of special codes for manufacturing system simulation. These codes are programmed to simulate the 
typical manufacturing operation activities such as machining, manual process, conveyor system, 
transport carts, overhead handling system, storage system and work-in-process (WIP) bins. Any 
randomly occurring events such as manual operations or machine breakdowns may be simulated 
through special codes that are provided with the software. The pattern of these events may be simulated 
by random number generation according to a particular distribution model that closely represents the 
activity pattern. The software has the graphical programming capabilities with each activity or process 
is arranged and connected graphically to form a complete model. Pop-up windows are used for entering 
detail data of the activities. The text-based codes of the program may be accessed and modified to suit 
additional modelling requirements. To do this the programmer shall familiarise himself with Extend 
programming script called ModL. ModL script has many common syntax as C programming language. 
Thus for those who are familiar with C language will find it easily understandable "01. 
The reason to use Extend is due to its affordable cost when compared to other simulation 
software in the market. The demonstration package of other softwares such as Taylor m , 
Simprocess '4| and Promodel|13' were tried and it is found that the basic simulation capability of these 
softwares are comparable with Extend. 
Modelling and Simulation Process 
The simulation process of the plant started with the building of the plant model. The main 
parameter for Extend simulation is the time taken for each of the activity or operation involved. For 
Sterifeed plant it is the time taken for every kilogram of animal feed produced. In order to obtain this, 
the data on current activities were gathered. For example, at the Mixing Station, the maximum, 
minimum and average rate of this activity were derived from the plant's actual operational data. 
These operational rates were then converted into time unit either in hour or minute. These processing 
time were then, entered into the modelling codes to simulate the operation. The flow of the modelling 
process is shown in Figure 1. 
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Gather data from log book (unit in kg/hr) 
I 
Derive minimum, maximum and average rates (unit in kg/hr) 
1 
Convert into processing time, 
i.e. time taken for every kilogram of animal feed produced 
(unit in minutes or hours) 
I 
Identify the distribution model 
I 
Enter the value and distribution model into the modelling codes for simulation 
Figure 1: The basic flow of modelling process 
In the above example, the Mixing Process involves the human operator interaction with the 
mixing machine. In such situation the actual rate of the activity is not constant. Therefore, in order to 
simulate this activity, the model must be able to generate random processing time that represents the 
pattern of this activity. To model this, the pattern of each activity was identified by plotting it in a x-y 
graph. There are several probability distribution models that may simulate these random patterns such 
as uniform distribution, normal distribution, exponential distribution and triangular distribution. The 
pattern of the activties were identified against the above probability distribution models before it was 
implemented into the simulation model. 
In order to validate the model, results from plant's simulation were compared to the actual 
operational result recorded by the researchers. The model was then modified and refined so that the 
simulation results and the actual operational data would be as close as possible. 
Plant Performance Evaluation 
The simulation result of the plant was analysed to evaluate the performance. The performance 
of the plant would be reflected upon its system design. A good system design may bring about a good 
operational result. Thus, the performance of the plant would become the measure on the effectiveness 
of the plant system design. In order to evaluate and validate the effectiveness of the current plant 
design, the following performance measures were considered. 
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a) Plant capacity - The purpose of plant is to produce a specific amount (usually in batches) of 
products within specific time period. Therefore the maximum production capacity of the plant 
were analysed for evaluation. The capacity measure may be defined as: 
^ . „ Unit Produced 
Design Capacity = 
Time Unit 
For Sterifeed plant, the capacity is measured in kg/hour, kg/day and kg/month. 
b) Efficiency - The efficiency of the plant's system was evaluated in term of labour, equipment 
and space utilisation since these criteria are the predominant consideration in a manufacturing 
operation design. The explicit definition of utilisation may be defined as the percentage of 
working time productively spent by the machine, worker or on the floor space. 
TI... Productive Work Time ,_.„. 
Utilisation = xl00% 
Total Work Time Available 
c) The plant was also analysed in term of productivity. An estimation of the productivity of the 
plant and other alternative designs were compared for evaluation. Productivity is the value of 
output (goods or services) produced divided by the value of input resources (wages, cost of 
equipment, cost of utilities) used " , | . 
„ , . . Value of Output 
Productivity = E— 
Value of Input 
In this study, the productivity of the labour was compared for evaluation. 
d) The throughput time and production lead time on a manufacturing plant may reflect the 
efficiency of its operation as well as the effectiveness of its design. A good plant's design will 
have less throughput time and production lead time. Thus it will increase its capacity and 
production efficiency. 
The throughput time is defined as the elapsed time from starting point to the completion of a 
job or taskI5]. Thus, in a production line the throughput time may be defined as the time taken 
to do the operation from the first process until the product is out of the line. The production 
lead time, on the other hand, is the time taken by a production plant before it is ready to 
supply the product|5'. 
In this study the throughput time of all the production lines and the overall production lead 
time were compared for evaluation. 
e) Finally the inventory level of a plant may also indicate its operational performance. Generally, 
a low inventory level is the indication of a good plant operation, whereas, a high inventory 
level comes from a poor plant operation. However, an analysis on the behaviour and pattern 
of inventory levels may also uncover the underlying problems or effectiveness of the plant 
design. Thus, comparison and evaluation were carried out on the inventory level at various 
locations of the plants to evaluate its performance. 
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RESULTS AND DISCUSSIONS 
Modelling Process 
Figure 2 is an example of the Extend model created for the Sterifeed plant. The figure repre-
sents the plant's production lines with each icon represents the machines or manual operation sta-
tions. The production volumes at several stations are also displayed to the right side of the model. 
This will enable the on-line observation of the model throughout the simulation process. 
•PBBMBEE I inmiiBimi 
J ^ h V "I j 2 
»• I. IN . I 
f Off IN 98 ?_ _ _ ^ M 
518 
Figure 2: A sample of Sterifeed plant model in Extend 
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20 
-Actual Normal -Triangular 
Figure 3: The trend of three distribution moels tried on sterifeed plant 
The Distribution Model 
Using Extend, the distribution model that closely represents each processing activities were 
identified. It is found that the uniform distribution function is not suitable to simulate these activities 
since it is only restricted to constant values. Whereas, the exponential distribution which is commonly 
used to model inter-arrival times, is not suitable to simulate processing time "4|. The most common 
model used to simulate the real world is the normal distribution. A trial to use this model resulted in 
negative values as shown in Figure 3. Thus, this distribution function is also not suitable to simulate 
Sterifeed plant's activities. 
A distribution model that has a finite range specified by its non-negative maximum and minimum 
values, and also has the distribution partem similar to normal distribution is the most suitable model for 
Sterifeed plant. The probability distribution function that fits the above description is the triangular 
distribution model "51. Therefore a simulation was carried out using this model. As shown in Figure 
3, this model produces random values that closely resemble the pattern of the actual Sterifeed plant's 
activities. 
Model Validation 
To further validate this simulation model, three different approaches were tried. The first model 
used average rates as the constant processing time. The second and third models used triangular 
distribution model with different value for its modes. The second model used average rate as its peak 
value (the mode), whereas the third model used the actual mode values derived from the plant operational 
data. The simulation results of these models were compared to the actual studies done by the re-
searchers on the present plant. As shown in Table 1, the third model has less than 1 % error when 
compared to other models. Therefore, it was decided that the triangular distribution function be used 
in the plant's modelling process. 
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Plant Operational Simulation 
A sample of the simulation result is shown in Figure 4. The result shows the unit processed and 
utilisation rates at each station. Summary of the simulation results of the plant is shown in Table 2. 
The simulation result shows that the average production capacity of the whole plant is about 27 kg/ 
day. The utilisation rate throughout the plant is from as low as 1 % to as high as 100 %. These two 
parameters indicate the poor performance of the plant. The production capacity is too low if compared 
to the fermentation capacity, which can cater until 15,000 kg per month production. On the other hand 
the utilisation rate shows poor performance of 4 of the stations, which only have between 1 to 10% 
utilisation rates. However, these two parameters may not be enough to support this conclusion. There-
fore, detail analysis and discussion on the plant performance is pursued further in the following 
sections. 
Table 1: Simulation results of three different models for Sterifeed plant 
Capacity, kg/hr 
Actual Plant 
2.228 
Derived 
from study 
by awang 
etal. (1998) 
Average 
Error% 
Simulation Model 
Constant Value-
average 
2.571 
2.714 
2.174 
2.174 
2.174 
2.174 
2.857 
2.714 
2.174 
2.174 
2.174 
21.8% 
Triangular-
peak=mean 
2.286 
2.286 
2.286 
2.143 
2.143 
2.286 
2.286 
2.286 
2.286 
2.286 
2.257 
1.32% 
Triangular 
peak=mode 
2.429 
2.286 
2.143 
2.143 
2.143 
2.286 
2.143 
2.286 
2.286 
2.143 
2.229 
0.04% 
Note: The above result is for 10 runs of simulations for each model 
Extend Statistics Report - 13/07/00 1:23:32 PM 
Run#l 
ACTIVITIES 
Block Label 
HARVEST 
UNPACK 
DRYING 
PALLET 
PACKAGING 
Number 
46 
48 
49 
53 
55 
Name 
Delay 
Station 
Machine 
Machine 
Station 
Depart 
1722 
29 
28 
28 
27 
Arrive 
1723 
30 
29 
28 
28 
Util 
1 
0.99948 
0.99873 
0.01409 
0.04036 
Figure 4: A sample output from Extend simulation 
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Equipment Utilisation 
Result in Table 2 shows the utilisation rates of each of the capital items of the plant. While 
almost all the machines have 90% utilisation rate, however, the Shredder and Pallet Mill on the 
existing plant have only about 27 % and 1 % utilisation rate respectively. These low machines utilisation 
is caused by the differences in its individual production capacity. Shredder machine forms part of the 
first production line in Substrate Preparation Section (SPL 1). A further analysis on individual station 
capacity in SPL1 shows that at the shredding station the capacity is about 32 kg/hour whereas the 
preceding station is operated at only 9 kg/hour. The same condition is also observed in Final Processing 
Section. The Pallet Mill operates at about 500 kg/hour while it is receiving the work-in-process 
(WIP) from Drying Station at only 4 kg/hour. Thus, this variation in individual station capacity 
resulted in poor utilisation in some of the stations. This poor operational performance indicates that 
the plant facing serious line balancing problem in all of its production lines. 
Labour Utilisation 
The simulation results on the labour utilisation rate at all manual stations of the plants is shown 
in Table 2. It shows that the labour utilisation rates of the plant varies from as low as 1.3 % to as high 
as 100%. The same line-balancing problem discussed in preceding section is the cause of this operating 
condition. The soaking process in SPL1 has a capacity of 98.7 kg/hour. However, the cut and shred 
processing rates are 9.1 kg/hour and 32.96 kg/hour respectively. Therefore, the operator at soaking 
station has to wait the operations from preceding stations due to the lower production rates. At the 
Final Processing section, the earlier operation at the drying station is too slow (4 kg/hr) when compared 
to the packaging operation (91 kg/hr). The source of the problem, once again lies on the production 
lines design, which failed to come up with a reasonably balanced operation. 
Table 2: Simulation results of the present plant 
Average capacity, 
kg/day 
Average capacity 
kg/hour 
% Utilisation 
Average of 
10 simulations 
SP1 
62 
8.86 
Cutter (M) 
100 
Shredder 
26.95 
Soaking (M) 
10.41 
SP2 
116.13 
16.59 
Draining 
100 
Mixing 
99.88 
Packing (M) 
99.03 
INOC 
140.7 
20.1 
Unpack (M) 
100 
Inoculate 
99.89 
FP 
27.3 
3.9 
Harvest (M) 
100 
Unpack (M) 
99.94 
Drying 
99.85 
Pallet Mill 
1.374 
Packaging (M) 
4.246 
SPL1= Substrate Preparation Line 1 INOC= Inoculation 
SPL2= Substrate Preparation Line 2FP = Final Processing 
M = Manual Operation 
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Labour Productivity 
Further analysis on the productivity of the labour was conducted and the result is shown in 
Table 3. This productivity factor was accounted from the ratio of standard production quantity to the 
number of workers as shown in the following equation |ul: 
, , „ , Quantity Produced 
Labour Productivity— — Number of Employees/ 
/Working Hours per Worker 
The result shows a very low productivity which is only about 0.3. This indicates a non-productive 
operation of the plant. To reach an acceptable productivity, the factor should be above 1.0. The 
problem may be caused by the bottlenecks problem discussed earlier, as well as poor assignment of 
operators. 
Table 3: Productivity factor calculation data for 1 day operation of Sterifeed plant 
Production 
27kg/hr 
No of workers 
11 
Working hours 
7 hours 
Productivity Factor 
0.35 
Inventory Level 
The inventory level of a plant may indicate the efficiency of a manufacturing operation. An efficient 
production plant usually has a manageable inventory level, less temporary storage requirement and has 
high space utilisation "".An analysis on the inventory level at various key locations throughout the 
Sterifeed plant was carried out. It is found that there is no significant indication in inventory level's 
pattern of the plant except at two locations. Figure 5 shows the plot of inventory level at Inoculation 
section's entry point and at the Incubation storage of the plant. The result shows that the plant has an 
intermittent supply of Sterilised Oil Palm Fibre (SOPF) at every 242 hours of the plant's operation 
time. This supply pattern is due to the capacity of the preceding section, which is unable to cater for 
a continuous supply of SOPF to Inoculation section. The outcome is that there will be no supply of 
SOPF for about 125 hours (17 days) of operation time, which also means that there will be no 
production from Inoculation section during this period. Thus, there will be idle time for about 17 
days for the workers as well as production lines at both Inoculation section and Incubation section 
for the plant. 
After the plant operated past its production lead time, the inventory level at Incubation section 
shall be at a steady state level. In other words, after the required lead-time, under normal operating 
condition, the plant should be at a continuous production mode. Therefore, the supply and demand 
from one section to another should be at their respective frequencies continuously. Figure 5 shows that 
at steady state operation, the plant shows up and down trends in its inventory level. The maximum is at 
1500 kg and the minimum level is at about 900 kg. This trend is caused by the pattern of SOPF supply 
as discussed earlier, which is an indication of bottlenecks problems in the production line. 
11 
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Storage Facility Utilisation 
The storage area at Incubation section constitutes about 42% of the floor space requirement for 
the plant. Therefore, an analysis on its utilisation is a good indicator for the plant performance evaluation. 
In term of storage activities, that is the supply of Inoculated Oil Palm Fibre (IOPF) to this section, the 
plant has 17 days of idle times. Therefore, in one-month operation (25 days) the storage area will 
only be filled up about 32% of the time. However, a review on the storage capacity available on the 
plant resulted in slightly different perspective. Sterifeed plant was designed to have a storage capacity 
of 15,000 kg per month. Thus, at steady-state operation, the maximum level of IOPF produced is 
expected to be at 15,000 kg. Figure 5 shows that the maximum storage level at the plant is only 1,500 
kg. Therefore, out of 15 tons maximum capacity available, the plant operation only uses 10% of the 
capacity. Therefore, either it is viewed as a facility utilisation time or storage capacity utilisation, 
both perspectives indicate that the plant operates at a very low performance.(kg) 1,500 
(kg) 
1,500 
1,250 
1,000 
750 
500 
250 
0 
\ 
\ 
\ 
\ 
\ 
\ 
\ i '•• i 
* 1 L 
\ 
1 1 
\ 
\ 
62.5 105 157.5 210 262.5 315 367.5 
Operation Time (hours) 
420 472.5 625 
Inventory at Inoculation Entry. 
Inventory at Incubation Storage 
Figure 5: Inventory level pattern at inoculation and incubation 
sections of sterifeed plant 
CONCLUSION AND RECOMMENDATION 
From the discussion, as an overall evaluation, it shows that the plant performance is quite poor and in 
need of more improvement. The main problem with the plant is the bottleneck at several stations of 
the plant. This bottleneck reduces the labour and equipment utilisation of the plant as well as the 
productivity. Other indicators such as the inventory level and storage facility utilisation also shows 
the same trend. The fundamental reason for this poor performance lies on the material flow of the 
production process. The plant was not installed according to the actual material flow of each process. 
Some of the installed machines have lower capacity than the actual requirement. This will either 
create bottleneck at those stations or unnecessary accumulation of work-in-process (WIP). In order 
to improve the plant performance, the following initiative should be taken: 
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a) A review of the Capacity Planning - the capacity of the plant shall be estimated according to 
the actual material flow requirement of the process. The mass balance of each individual 
process shall be determined according to the individual process experimentation. After the 
material flow is established, the overall plant capacity is planned. This planning will determine 
the required storage capacity, level of WIP as well as the Final output capacity of the plant. 
b) Equipment Selection - the above capacity planning shall be used as the basis for equipment 
selection. Each machine selected shall be able to process according to the individual station 
capacity. Alternatives such as customised or standard machine shall be determined to meet 
the planned capacity. The balance between cost and capacity shall be carefully determined so 
that the performance of the plant can be kept at an acceptable level. Provision shall also be 
considered on the actual machine capacity. Factors such as human involvement, batch process 
and manual operation may reduce the actual machine capacity. 
c) Operator assignment - a study shall also be conducted to evaluate the performance of 
coordination between operators and machines. Some of the stations may be combined to achieve 
a more efficient operation. One operator may be able to attend to more than one station. Other 
stations may need more operators to reduce or avoid bottleneck. 
d) Processing method - sometimes the selected processing method is the culprit. Alternative 
method may be able to reduce the processing time and increase the output. Thus a review on 
each processing method shall be conducted to investigate the problem and alternative method 
may be designed to improve it. 
e) Layout type and process route - the right selection of the layout and process route may be able 
to increase the throughput time. Unnecessary backtrack route shall be avoided. A study on the 
current process route in term of load-distance, cost-distance and time-distance shall be 
conducted to investigate the performance. Changing the production line layout may be able to 
reduce processing time which will increase the output and productivity. 
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